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(57) ABSTRACT

A vehicle switch module includes a sub-network having
switches connected thereto and a sub-network controller 1n
operative communication with the sub-network and the
switches. Each switch includes a microprocessor pro-
grammed to generate switch messages that include address
and switch logic state data. The sub-network controller
transmits switch queries onto the sub-network to a number
of switch addresses to determine a connection status and
switch state of switches 1n the switch module and receives
switch messages responsive to the queries from switches at
addresses to which the switch queries were transmitted. The
received switch messages verily the identity of a switch in
the module and provide a switch state for the switch. The
sub-network controller interprets the received switch mes-
sages and—based on the switch address and switch state
data 1n the messages—controls operation of a vehicle output
or load associated with each of the switches.
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SELF-IDENTIFYING SWITCH SYSTEM FOR
VEHICLE CONTROL

BACKGROUND OF THE INVENTION

The present invention relates generally to electrical
switches for use 1n motor vehicles and, more particularly, to
a system and method for providing a vehicle switch module
having a self-identifying switch function. The switch mod-
ule enables the placement of switches 1n any of a number of
locations consistent with a customer’s desired switch cus-
tomization requirement, while providing for the i1dentifica-
tion of a switch regardless of 1ts location, such that switches
can be placed 1n any position within a defined network on
the vehicle without changing the switch’s functionality or
the system wiring.

Electrical switches are used 1n motor vehicles as control
switches for switching the motor vehicle lighting, the wind-
shield wipers, the rear windshield heating, the cruise control
functions, the internal central locking and other functions on
and off. A number of such switches can be combined as
control panels 1n the dashboard, 1n the center console or the
like. In specialty vehicle markets—such as heavy trucks,
agricultural equipment, and construction equipment, for
example—many original equipment manufacturers (OEMs)
produce custom dashboards for their customers. In doing so,
the OEMs allow the customers to pick options as well as
their associated switch locations. While such customization
1s desirable from the standpoint of the customer, such
customization leads to significant overhead expenses for the
OEMSs with respect to managing customer options for the
dashboards. That 1s, present methods of managing produc-
tion for customer dashboards having customized options and
associated switch locations requires separate drawings and
wire harnesses for every vehicle manufactured. Further-
more, some OEMs may even 1nstall the wires for every
option sold, but only connect the wires used with the
individual customer dashboard order.

In the mix of switch functions, some switches provide
input signals to a vehicle’s microprocessor-based controller,
often referred to as a body controller, or electronic controller
unit (ECU), which receives the signal and makes logic
decisions regarding how that function 1s to be performed or
activated. Other switches are wired directly to their intended
loads. Those switches providing ECU input typically oper-
ate at very low current, typically in the range of 5 to 20
milliAmperes (mA), whereas direct-wired switches may
handle loads up to 20 Amperes or more. Diflerent contact
materials are needed to accommodate these varying load
ranges, as well as diflerent sized wires and connectors. The
arrangement or rearrangement ol switches within the dash-
board array 1s often limited 1n practice by the ability of the
OEM to provide appropriate high current and low current
wiring to support the desired functions. It 1s also common
tor OEMs to provide the same type of electrical connector
and wires for all switch positions for economy and stan-
dardization, though the practice can result 1n a higher
percentage of wiring errors at the time the vehicle 1s being
assembled.

It would therefore be desirable to design a system and
method that enables OEMs to reduce the cost of managing,
a custom dashboard. In doing so, the system and method
would allow for one vehicle harness that could handle
multiple customer options—thereby enabling vehicle OEMs
to significantly reduce the engineering overhead and the
wire count associated with a custom dashboard. It would
also be desirable to provide a system where the user inter-
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2

face switch—particularly for direct-wired loads—may be
located remotely from the direct-wired connection point,
allowing for more standardized wiring layouts.

BRIEF DESCRIPTION OF THE INVENTION

Embodiments of the present invention provide a vehicle
switch module, and method of operating thereof, that pro-
vides a self-identifying switch function. The switch module
enables the placement of switches 1 any of a number of
locations consistent with a customer’s desired switch cus-
tomization requirement, while providing for the identifica-
tion of a switch regardless of 1ts location, such that switches
can be placed 1n any position within a defined network on
the vehicle without changing the switch’s functionality or
the system wiring.

In accordance with one aspect of the mvention, an elec-
trical switch module for use 1n a motor vehicle includes a
backplane includes a plurality of connections thereon and a
communications sub-network, a sub-network controller in
operative communication with the communications sub-
network, and a plurality of electrical switches coupled to the
plurality of connections on the backplane so as to be in
operative communication with the communications sub-
network, each of the plurality of electrical switches 1nclud-
Ing a microprocessor therein programmed to generate switch
messages that include therein data regarding an address
associated with the switch and a switch logic state. The
sub-network controller 1s programmed to transmit switch
queries onto the communications sub-network to each of a
plurality of switch addresses to determine a connection
status and switch state of the plurality of electrical switches
and receive switch messages responsive to the switch que-
ries from switches at the switch addresses to which the
switch queries were transmitted, with each of the received
switch messages veritying the presence of a switch 1n the
switch module and providing a switch state for the respec-
tive switch. The sub-network controller i1s further pro-
grammed to iterpret the received switch messages to per-
form at least one of transmitting the switch messages onto a
vehicle communications network to which the switch mod-
ule 1s 1n operative communication, for purposes of control-
ling vehicle outputs associated with the switch messages and
controlling operation of one or more solid state outputs or
relays associated with the switches from which the switch
messages are provided.

In accordance with another aspect of the ivention, a
method of 1dentifying and transmitting switch messages to
and from a switch module 1 a vehicle communication
system 1ncludes associating a switch ID with each of a
plurality of switches included in a vehicle communication
system and 1dentifying the switch ID of all switches
included in a switch module 1n the vehicle communication
system, such that each switch included 1n the switch module
1s 1dentified by its switch ID. The method also includes
identifving a switch state of all switches included 1n the
switch module and controlling operation of a vehicle output

or load associated with each of the plurality of switches
based on the idenftified switch IDs and their associated

switch states. The steps of 1dentifying the switch ID and the
switch state of switches included in the switch module
further includes causing a sub-network controller of the
switch module to transmit switch queries onto a sub-network
of the switch module to each of a plurality of switch
addresses, receiving at the sub-network controller switch
messages from any switches on the sub-network that are
associated with the switch IDs to which the switch queries
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were transmitted, and identifying the switch ID and the
switch state of all switches in the switch module based on
the received switch messages.

In accordance with yet another aspect of the imvention, a
switch module sub-network controller for enabling vehicu-
lar communication between switches 1n a switch module and
loads associated with the switches 1s provided, with the
sub-network controller being programmed to transmit
switch queries onto a communications sub-network of the
switch module to each of a plurality of switch addresses to
determine a connection status and switch state of a plurality
ol switches, receive switch messages from any switches on
the communications sub-network associated with the switch
addresses to which the switch queries were transmitted,
identily a connection of a switch to the communications
sub-network and 1ts associated switch state based on the
received switch messages, and control operation of a vehicle
output or load associated with each of the plurality of
switches based on the switch IDs and their associated switch
states, wherein controlling operation of the vehicle output or
load comprises at least one of transmitting the switch
messages onto a vehicle communications bus to which the
switch module 1s 1n operative communication, for purposes
of controlling the vehicle output or load associated with the
switch messages and controlling operation of one or more
solid state outputs or relays associated with the switches
from which the switch messages are provided.

Various other features and advantages of the present
invention will be made apparent from the following detailed
description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings 1llustrate preferred embodiments presently
contemplated for carrying out the mvention.

In the drawings:

FIG. 1 shows front and rear views of a self-identifying
vehicle switch module, according to an embodiment of the
invention.

FIG. 2 1s an exploded view of a switch included 1n the
switch module of FIG. 1, according to an embodiment of the
invention.

FIG. 3 15 an exploded view of the switch module of FIG.
1, illustrating a backplane and sub-network controller of the
switch module, according to an embodiment of the mnven-
tion.

FIG. 4 1s a schematic block diagram of a vehicle com-
munication system that includes a plurality of self-identify-
ing vehicle switch modules, according to an embodiment of
the 1nvention.

FIG. 5 1s a flowchart illustrating a communications pro-
tocol techmque implemented by a switch module of a
vehicle communication system, according to an embodiment
of the invention.

FIG. 6 1s a flowchart illustrating a switch module con-
figuration routine according to an embodiment of the inven-
tion.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Embodiments of the mvention are directed to a system
and method that provides for a vehicle switch module
having a self-identifying switch function. The switch mod-
ule enables the placement of switches 1n any of a number of
locations within a defined vehicle network consistent with a
customer’s desired switch customization requirement, while
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4

providing for the i1dentification of a switch regardless of its
location, such that switches can be placed 1n any position on
the vehicle within that network without changing the
switch’s functionality or the system wiring.

Referring to FIG. 1, the general structure of a seli-
identifying switch module 10 having a plurality of switches
12 1s shown according to an embodiment of the invention.
The switch module 10 1s incorporated as part of a dashboard
14 1n a motor vehicle, for example 1n a commercial vehicle,
such as a goods vehicle. An operator of the vehicle uses the
switches 12 to operate various functions in the vehicle, such
as for switching the motor vehicle lighting, the windshield
wipers, the diesel fuel heating, or other specialized equip-
ment on the vehicle. In the embodiment 1llustrated 1n FIG.
1, the switch module 10 comprises four switches 12; how-
ever, 1t 1s recognized that a greater or smaller number of
switches 12 could be included in the module. For example,
a switch module 10 could be provided having eight switches
12—arranged 1 a single row or in two rows of four, for
example. While there 1s no limit on the number of switches
12 that can be included in switch module 10, 1t 1s recognized
that for practical purposes—such as responsiveness and
speed of switch functioning—the number of switches 12 1n
an ndividual module 10 will be limited to a reasonable
number so as to maimntain a mimmimum level of vehicle
performance.

As further shown in FIG. 1, the switches 12 of switch
module 10 are recerved within a module housing 16 that 1s
fitted 1n the dashboard 14 of the motor vehicle. The housing
16 1s formed as a generally hollow member configured to
receive the individual switches 12 therein and includes
mating features formed thereon, such as alignment tabs or
slots 18, which enable mating of the switches 12 within the
housing 16 1n the correct orientation. A back surface 20 of
the switch module 10 includes communication ports 22 and
a power receptacle 24 formed thereon for enabling powering
of the module and communication to/from the module. The
communication ports 22 are configured to mate with a
communication interface feature (not shown), such as a
pin-connector, so as to enable the switch module 10 to
communicate with a communication bus of the vehicle, such
as a CAN or LIN bus, for example.

Retferring now to FIG. 2, an exploded view of an indi-
vidual switch 12 1s shown in more detail. The switch 12
contains at least one operable contact 26, with two being
shown preferentially in FIG. 2 1n the form of tactile switches
26 athixed to a printed circuit board (PCB) 28. Other contact
types, such as metal domes or carbon pills may be employed,
but 1s not limited to those types. An operating member 30
that, according to an exemplary embodiment, 1s 1n the form
ol a rocker button 1s used to activate the switch contacts 26
by means of an actuator system 32. The actuator system 32
1s shown 1n this embodiment to be comprised of a rocking
actuator 33 and a set of one or two pushrods 34 to convert
the rotational movement of the rocker 30 to a vertical
displacement. The pushrods 34 act upon the contacts 26 to
provide the switching signal. A switch frame 35 serves to
enclose the PCB 36 and actuator system 32 and to atlix the
rocker 30 to the switch 12. The frame 35 also provides
keying and retention features 36 formed therecon and
arranged to ensure the correct orientation and retention of
the switch 12 within the module housing 16 and to ensure
proper alignment and mating of electrical connections.

In operation of switch 12, the rocker 30 1s used in order
to provide manual switching for the contacts 26 and actuator
system 32. When the rocker 30 1s 1n the neutral position,
then the two contacts 26 and the actuator system 32 are in
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the switched-ofl state. If the user pushes one side of the
rocker 30, the rocker 30 1s moved to a first, operated switch
position and, 1n consequence, a first of the contacts 26 and
the actuator system 32 1s moved to a switched-on state. In a
second, operated position of the rocker 30, which is reached
by pushing the other side of the rocker 30, a second of the
contacts 26 1s then in a switched-on state. The contacts 26,
when 1n a switched-on state, communicate a desired activa-
tion of device(s) associated with the switch 12 via electrical
connections formed on the PCB 28 of the switch 12. That 1s,
signals from the switch 12 can be communicated out to the
switch module 10 via a electrical/communications connec-
tion 37, such as a pin-connector formed on the PCB 28 that
extends through an opening formed 1n a rear plate 38 of the
switch 12.

Also included 1n switch 12 1s a microprocessor 40 (shown
in phantom) that 1s programmed to include and provide data
on the switch 12 to the switch module 10. More specifically,
processor 40 1s programmed to have stored thereon address
or ID information and functional data for the switch. Each
switch 12 contains a unique address/ID associated with the
switch function, with this unique address/ID data being
programmed onto and stored 1n the processor 40. In practice,
this unique address/ID would be programmed into the
switch (on processor 40) prior to installation at an OEM
facility.

In addition, the switches 12 contain light emitting diodes
(LEDs) 41 located on the PCB 28 to provide illumination of
graphic 1cons on the rockers 30 to identity the switch
function and additionally to provide a visual indication of
the switch state to the user. The light from the LEDs 41 1s
conducted through the frame 35 to the rocker 30 by means
of one or more light pipes 42. The brightness of the LEDs
41 1s controlled via LIN or CAN messages from the vehicle
ECU to the switches 12.

Referring now to FIG. 3, and with continued reference to
FIG. 2, a mounting of the switches 12 within the switch
module 10 1s best shown. In plugging the switches into the
switch module 10, communications connections 37 (FIG. 2)
on the switches 12 are connected to communications con-
nections 44 (e.g., pin connectors) formed on a backplane
assembly 46 of the switch module 10, such that the switches
12 are i operative communication with the backplane
assembly 46. The communications connections 44 formed
on a backplane assembly 46 are collectively grouped onto a
switch sub-node or sub-network 47 for the switch module
10. Also included on backplane assembly 46 are one or more
microprocessors 48 that are collectively form what 1s
referred to as a “sub-network controller” 50 of the switch
module 10. The microprocessors 48 of the sub-network
controller 50 function to communicate with both the vehicle
communication bus and the switches 12 connected to back-
plane assembly 46 via the switch sub-network 47.

Also included within the module 10 as an additional
embodiment are one or more network addressable relays (or
solid state output devices) 60. The relays 60 provide higher
current switching outputs for direct-wire applications and
are controlled by the appropriate switch 12 via CAN or LIN
bus signal.

FIG. 4 provides a schematic diagram of a vehicle com-
munication system 52 according to an embodiment of the
invention and shows a pair of switch modules 10—such as
shown and described 1n FIGS. 1-3 '
to and 1 communication with a vehicle communication
network or link 54, such as a CAN bus or LIN bus, for
example. The vehicle commumnication system 52 provides
for communication between the switches 12 1 switch mod-
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ules 10 and a vehicle body controller 56 (1.e., CAN/LIN
master controller)—via communication link 54—with the
vehicle body controller 56 interpreting data/signals recerved
from the switch modules 10 to manage the associated
vehicle functions, 1.e., controlling of a vehicle load 38. The
vehicle communication system 52 also provides for com-
munication between the switch sub-network 47 and one or
more relays, solid state relays (SSRs), or other solid state
outputs 60 (referred to generally hereafter as “relays”—but
recognizing that this encompasses relays, SSRs and/or other
solid state outputs) that can supply current to a specific load
as part of the switch module 10.

According to embodiments of the invention, the switch
modules 10 can operate within vehicle communication sys-
tem 52 to 1dentify the presence of a particular switch 12 and
the switch’s state—with the sub-network controller 50 of the
module performing a “self-identifying” function to associate
an individual i1dentification to each switch in the module.
Thus, as indicated i FIG. 4 for example, any of “Rocker
Switch 17 thru “Rocker Switch 8 could be individually
identified to associate an individual i1dentification to each
switch and a state of each switch. As indicated previously,
cach switch 12 contains a unique address associated with the
switch function, with such address information being stored
in a microprocessor 40 included in the switch 12. The
sub-network controller 50 of the switch module 10 contains
logic recognizing each individual switch address. In com-
munications between the switch 12 and the sub-network
controller 50, switch state messaging would contain at
minimum the switch’s address as well as the switch’s logic
state, and the sub-network controller 50 would interpret the
switch messages and turn on the associated output (such as
via relay 60) or send a message to the vehicle body con-
troller 56. Thus, messages on both the switch sub-network
4’7 and the vehicle communication link 54 would contain at
minimum the switch address as well as the switch state.

Because each switch contains a unique address and the
sub-network controller 50 contains the logic for the outputs,
an OEM can place a switch 12 1n any position on a vehicle
without changing the switch’s functionality. For example,
swapping the positions of “Rocker Switch 2 with “Rocker
Switch 7” would have no effect on the switches’ function-
ality or the associated system/module wiring. Regardless of
the location of Rocker Switch 2, for example, the sub-
network controller 50 would recognize that Rocker Switch
2 15 on the sub-network 47 and would relay that information
to the vehicle communication link 54 and turn on the
appropriate output device/load—as it applies—either by
way of the vehicle’s body controller 56 or by way of a relay
60 local to the switch module.

A communications protocol techmique by which the
switch modules 10 1 vehicle communication system 52
identify a particular switch 12 included therein and inter-
prets messages therefrom to turn on an associated output or
send a message to the vehicle body controller 56 1s 1llus-
trated in the flowchart of FIG. 5, according to an exemplary
embodiment of the imnvention. Referring to FIG. 5, and with
continued reference back to FIGS. 1-4, for each switch
module 10, the technique 64 begins w1th an initial boot of
the switch module at STEP 66. Upon booting of the switch
module, the technique continues at STEP 68 where the
sub-network controller 50 performs a “normal” operational
mode query cycle of the switches 12 believed to be 1n the
switch module 10. In the normal mode of operation, the
sub-network controller 50 sends a series ol queries to
switches corresponding to a switch configuration stored 1n
the sub-network controller 50 (1.e., stored 1n processors 48
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and associated memory). In performing the normal opera-
tional mode query cycle, the sub-network controller 50
sends a first query onto 1ts respective sub-network 47 to an
individual switch 12 by sending a message to a particular
address (or contaiming a particular ID byte) of a switch
believed to be connected to the sub-network 47 and included
in the switch module 10. The query to the switch requests
information therefrom and can also include one or more
commands therein, with a switch status request, LED on/ofl
commands, and a dimmer level command being included 1n
the query, for example. The individual switch 12 to which
the query was sent will respond to the query by sharing its
unique address/ID and switch state—assuming the switch 1s
included in the switch module 10. The sub-network control-
ler 50 then interprets the switch response and subsequently
either broadcasts the data on the vehicle communication link
54 or sends commands to a relay associated with the specific
switch—with such broadcasts being performed at a periodic
rate. A similar querying as described above 1s performed/
repeated for each of the other switches 12 believed to be
included 1n the switch module 10 (1.e., the switches included
in the current switch configuration stored in sub-network
controller 50), with the sub-network controller 50 changing/
incrementing the particular address to which the subsequent
queries are sent such that queries are sent to all switches 12.

Also at STEP 68, and during the normal operational mode
query cycle of the switches 12 by sub-network controller 50,
a monitoring 1s performed to determine i1t a “roll call
request” message or signal 1s received by the sub-network
controller 50 during the querying of the switches 12 that
indicates a need to determine which switches 12 are present
in the switch module 10. According to an exemplary
embodiment of the invention, the roll call request message
1s 1n the form of a “break signal” that 1s generated/trans-
mitted by a microprocessor 40 included in each respective
switch 12. The break signal i1s characterized as a dominant
signal (e.g., a signal having a size/length of 1 byte or larger)
as compared to other normal switch messages/signals gen-
erated by the switch 12. For generating such a break signal,
the microprocessor 40 1n each respective switch 12 contains
logic that determines to send a break signal onto the sub-
network 47 to the sub-network controller 50 if the switch
processor 40 has not received a query from the sub-network
controller 50 1n a given amount of time. While generation
and transmission of a break signal 1s discussed hereatter, 1t
1s recognized that the roll call request message/signal could
take another form, such as specific data packet provided in
a switch message designating the need for determining
which switches 12 are present in the switch module 10.

In practice, a break signal will be generated by a micro-
processor 40 1 a respective switch 12 when a switch
included i switch module 10 does not match with or
correspond to the switches believed to be present 1n the
switch module. That 1s, 1 the switches 12 included 1n switch
module 10 do not correspond to those switches included in
the switch configuration stored in memory of the sub-
network controller 50, then a break signal will be generated
by the microprocessor(s) 40 of a switch or switches 12 that
are not included in the switch configuration stored 1in
memory of the sub-network controller 50—as those
switches would not receive a query signal from the sub-
network controller 50 during the normal operational mode
query cycle currently being performed.

In monitoring for the presence of a break signal, a
determination 1s thus made at STEP 70 as to whether a break
signal has been detected by sub-network controller 50 at any
point during the normal operational query cycle. If 1t 1s
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determined at STEP 70 that a break signal has been detected,
as indicated at 72, the technique 64 continues by entering
into a “configuration routine” at STEP 74 where the sub-
network controller 50 of the switch module 10 operates to
determine the ID/address of switches that are present in the
switch module, in effect taking a “roll call” to determine
which switches 12 are included in the module 10. The
performing of the configuration routine 74 1s shown 1n detail
in FIG. 6, with the routine starting at STEP 75 by way of the
sub-network controller 50 accessing a “master list” pre-
programmed/stored 1n the controller of switch addresses/I1Ds
of all potential switches 12 that might be present in the
switch module 10—with an example being provided with
reference to FIG. 4 where the sub-network controller 50 1n
cach module 10 would have programmed/stored thereon a
listing of addresses corresponding to Rocker Switch 1 thru
Rocker Switch 8 that may be present on 1ts respective
module 10. It 1s recognized that the list of all potential
switches 12 (and associated addresses) that might be present
in the switch module 10 that 1s pre-programmed/stored 1n
the sub-network controller 50 would likely be much larger
than eight switches/addresses, as in practice the list could be
include up to 255 switches/addresses, for example. At STEP
76, the sub-network controller 530 sends a switch query
message to a first potential/available switch address or 1D
included 1n the pre-programmed master switch list.

At STEP 78, a determination 1s made as to whether a
switch response 1s received by the sub-network controller
50—1.e., whether there 1s a switch 12 on the sub-network 47
of the switch module 10 having a first address/ID matching
the first switch address/ID to which the query from the
sub-network controller 50 was sent. If there 1s a switch 12
having such a first address/ID, the sub-network controller 50
will receive a switch response, as indicated at 80, and wall
then function to store the switch address/ID 1n 1ts “configu-
ration memory” at STEP 82, such that sub-network control-
ler 50 will subsequently function to send a query to the
switch 12 having the first address/ID during the normal
operational mode query cycle. Alternatively, if no switch
response 1s received by the sub-network controller 50
responsive to the query sent to the first switch address/ID, as
indicated at 84, the sub-network controller 50 will recognize
that no switch 1s included 1n the module 10 having that
address/ID, and thus will not store anything 1n 1ts “configu-
ration memory” regarding the first address/ID.

After completing the first query, the configuration routine
74 continues at STEP 86 with the sub-network controller 50
making a determination as to whether a maximum number
of allowed switch addresses/IDs have been stored in the
configuration memory or whether queries have been sent to
all potential switch addresses/IDs 1n the master list of
addresses/IDs. With respect to the criteria included 1n STEP
86 regarding a determination whether a maximum number
of allowed switch addresses/IDs have been stored in the
configuration memory, an 1illustrative example 1s where
switch module 10 has four switches 12 included therein and
sub-network controller 50 compares the number of con-
firmed switch addresses/IDs stored in 1its configuration
memory to the number of switches to see 1f a maximum
number of allowed switch addresses/IDs have been stored in
the configuration memory. That 1s, the sub-network control-
ler 50 determines 1 a maximum number of allowed switch
addresses/IDs—1four 1n this example—have been stored 1n
the configuration memory. With respect to the critena
included in STEP 86 regarding a determination of whether
queries have been sent to all potential switch addresses/IDs
in the master list of addresses/IDs, an 1llustrative example 1s
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where the sub-network controller 50 has a master list of 255
switch addresses/IDs pre-programmed thereon for switches
that might potentially be included 1n the switch module 10.
The sub-network controller 530 determines if queries have
been sent to all of the 255 separate switch addresses/IDs
corresponding to these switches.

As shown 1n FIG. 6, if a determination 1s made at STEP
86 that a maximum number of allowed switch addresses/IDs
have been stored in the configuration memory and/or that
queries have been sent to all potential switch addresses/IDs,
as 1ndicated at 88, then the configuration routine 74 would
end at STEP 90—as it will have been determined that the
“roll call” process implemented for determining which
switches 12 are connected/included 1n switch module 10 has
been completed, either based on the fact that all switches 12
included in the module 10 (and their associated switch
addresses/IDs) have already been 1dentified and stored 1n the
configuration memory and/or based on the fact that all
switch queries have already been sent. It 1s recognized
that—by 1ncluding as a stopping criteria a determination of
whether switch queries have been sent to all potential
addresses/IDs—a situation 1s covered where a switch mod-
ule 10 1s only partially populated (e.g., only five switches 12
are 1ncluded 1n a switch module 10/backplane 46 capable of
housing eight switches). The sub-network controller 30
would be able to recognize such an occurrence and properly
terminate the configuration routine 74, without endlessly
continuing the routine while attempting to fill the configu-
ration memory with a maximum number of allowable switch
addresses/IDs.

Conversely, 1f a determination 1s made at STEP 86 that a
maximum number of allowed switch addresses/IDs have not
been stored 1n the configuration memory and/or that queries
have not yet been sent to all potential switch addresses/IDs,
as 1ndicated at 92, then the configuration routine 74 would
continue. In practice, 1t 1s recognized that the routine 74
would always continue after the querying of only a single
potential switch—i.e., after sending a query only to a first
switch address/ID—but that the determination at STEP 86
would become relevant after a plurality or queries have been
sent out to differing addresses/IDs.

As shown m FIG. 6, upon the determination 92, the
configuration routine continues at STEP 94 by way of the
sub-network controller 50 sending a switch query message
to a next potential/available switch address or ID. In doing
so, the sub-network controller 50 would increment the
switch address/ID to a next known address/ID of a potential
switch 12 that might be present 1n the switch module 10 (as
determined known by a pre-programmed switch list or roster
stored on the controller) and send another query message to

that next address/ID—such as, for example, incrementing,
from an address/ID of Rocker Switch 1 to an address/ID of

Rocker Switch 2.

Upon sending a switch query message to the next poten-
tial/available switch address or ID at STEP 94, the configu-
ration routine 74 loops back to STEP 78, where a determi-
nation 1s made as to whether a switch response 1s received
by the sub-network controller 50—i.¢., whether there 1s a
switch 12 on the sub-network 47 of the switch module 10
having a switch address/ID matching the next switch
address/ID to which the query from the sub-network con-
troller 50 was sent. The configuration routine 74 would
continue thru the previously described steps until a deter-
mination 1s made at STEP 86 that a maximum number of
allowed switch addresses/IDs have been stored in the con-
figuration memory and/or that queries have been sent to all
potential switch addresses/IDs (as indicated at 88)—with the
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configuration routine 74 then ending at STEP 90. Upon
completion of the configuration routine 74, the sub-network
controller 50 would return back to/resume a “normal” mode
of operation. Thus, referring back to FIG. 5, upon comple-
tion of the configuration routine at STEP 74, the technique
would loop back to STEP 68 and perform a normal opera-
tional query cycle of the switches 12 as described previously
above—with the sub-network controller 50 limiting the
queries to the addresses/IDs 1dentified 1n the configuration
routine and stored in the configuration memory of the
sub-network controller, so as to maximize the module’s
throughput.

While the above described configuration routine 74 has
been described as being implemented responsive to genera-
tion/transmission of a break signal from microprocessor 40
in switch 12—and the subsequent detection/reception
thereol by the sub-network controller 50—t 1s recognized
that an alternate embodiment of the invention 1s envisioned
where sub-network controller 50 1s self-aware as to whether
the configuration routine 74 needs to be run. That 1s,
sub-network controller 30 can be programmed to 1nitiate the
“roll call” associated with configuration routine 74—such as
by the sub-network controller 50 determining that no con-
figuration memory 1s stored therein upon an nitial boot-up
of the switch module 10.

Referring back now to FIG. 5, 1f a determination 1s made
at STEP 70 that no break signal has been detected by the
sub-network controller 50 during the normal operational
mode query cycle, as indicated at 96, (absent or including a
previous performing of the configuration routine 74) the
technique 64 proceeds with the sub-network controller 50
continuing its “normal” operational mode. That 1s, at STEP
08, the sub-network controller 50 will receive 1ndividual
responses from each of the switches 12 responsive to the
switch status queries sent thereto and interpret the received
switch messages. The response from each of the switches 12
to sub-network controller 50 will include therein data shar-
ing its address/ID and switch state—thereby enabling the
sub-network controller 530 to subsequently broadcast the
switch message onto the vehicle communications network
54 for purposes of controlling vehicle outputs/loads 58
associated with the switch messages and/or to implement a
local or remote control of one or more solid state outputs or
relays associated with the switches 12 from which the switch
messages are provided.

Upon receipt/interpreting of a switch message, a deter-
mination 1s made by the sub-network controller 50 at STEP
100 as to whether the message from the respective switch 12
should be used to directly turn on the associated output/load
connected directly to the sub-network controller 30—via a
local control of relay 60 (FIG. 4)—or instead whether the
sub-network controller 50 should send a message to the
vehicle body controller 56. Thus, at STEP 100 a determi-
nation 1s first made as to whether a relay 60 1s associated
with a particular switch 12 included 1n a switch module 10,
as 1t 1s recognized that a relay 60 would have a fixed output
for 1ts pre-determined function—i.e., the relay function
would be assigned to a particular switch address/ID.

If 1t 1s determined that a relay 60 1s associated with a
particular switch 12 from which the sub-network controller
50 1s receiving a switch message response (1.€., a switch
message response received by sub-network controller 350
includes an address/ID corresponding to the switch 12
associated with the relay 60), as indicated at 102, the
technique 64 continues at STEP 104 where the sub-network
controller 50 would implement a “local control” of the relay
60. That 1s, the sub-network controller 50—upon receiving
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a switch address/ID and switch status from the switch 12
associated with the relay 60—functions to energize and
de-energize the specific relay 60 accordingly. If the sub-
network controller 50 receives a switch address/ID from the
switch 12 associated with the relay 60 but no switch status,
the sub-network controller 50 will not command the relay.
Thus, rather than broadcasting to vehicle communication
link 54 and body/master controller 56, it 1s recognized that
the switch modules 10 enable communication directly
between a switch 12 and an associated relay 60—regardless
of the exact location of the switch 12.

Beneficially, the sub-network controllers 50 of switch
modules 10 enable this “local” control of the relays 60 even
if switches 12 are swapped to a different module 10 and
assoclated sub-network 47. That 1s, the sub-network con-
trollers 50 are programmed such that they may energize/de-
energize the relays 60 either by the sub-network message
generated locally or alternatively by a vehicle network
message generated by the sub-network controller containing,
the switch 12. As such, 1f the switch 12 1s moved to a switch
module 10 not directly coupled to the relay 60 associated
with that switch, the relay 60 can still be controlled via a
vehicle network message generated by the sub-network
controller 50.

It 1t 1s determined at STEP 100 that no relay 60 1s
associated with a particular switch 12 1n the module from
which the sub-network controller 50 1s receiving a switch
message response, as indicated at 106, or if instead the
determination at STEP 100 1s bypassed, as indicated in
phantom at 107, the technique 64 continues at STEP 108
where the sub-network controller 50 functions to broadcast
the switch message received from each particular switch 12
in 1ts switch module 10 to the vehicle communication
network 34. Once broadcast to the vehicle communication
network 34, messages from sub-network controller 50 wall
be recetved by the vehicle body controller 56, such that the
vehicle body controller 56 can interpret the message and
cause a desired action to be performed. As shown 1n FIG. 5,
depending on the message received from sub-network con-
troller 50, the vehicle body controller 56 may either act to
manage (€.g., turn-on or turn-oil) a specified vehicle func-
tion/load or to remotely control a relay 60 in the vehicle.

In managing a specified vehicle function/load, the vehicle
body controller 56 acts to control the vehicle function or
load associated with a particular received message and the
switch address/ID and switch state/function 1ncluded
therein, as indicated at STEP 110. The vehicle body con-
troller 56 transmits a message to the vehicle function/load,
so as to cause the vehicle function/load to operate 1 a
desired manner—such as sending a message to cause wind-
shield wipers to turn-on.

In remotely controlling a relay 60 in the vehicle, the
vehicle body controller 56 acts to send a vehicle sub-
network command to turn on a relay 60 associated with a
particular received message and the switch address/ID and
switch state/function included therein, as indicated at STEP
112. The sub-network controller(s) 50 in the communication
system 52 thus would not link to a specific relay 60, but
rather the vehicle body controller 56 would command the
relay(s) 60 via sub-network commands—with such com-
mands being pre-defined for operator use. In implementing,
a remote relay control, a customer will have the option of
controlling the relays/SSRs remotely by either sending a
configuration message at the sub-network controller 50 or by
having 1t hard-coded 1into memory.

Thus, as described above 1n FIGS. 5 and 6, the commu-
nications protocol techmque 64 (and the configuration rou-
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tine 74 performed therein) performed by the sub-network
controller 50 of respective switch modules 10 provides a
“self-identifying” function that associates an 1ndividual
identification to each switch in a module. With the configu-
ration routine 74 described above, an OEM can change
switch locations 1n the communication system 52 without a
change 1n functionality. If someone relocates a switch 12 on
the same backplane 46 within a switch module 10, there
would be no change in configuration on the sub-network
controller 50, as the sub-network controller 50 would still
identify the switch as part of 1ts normal operational mode
query cycle. Alternatively, iI someone moves a switch 12
from a backplane 46 i1n a first switch module 10 to a
backplane 46 1n a second/diflerent switch module 10, the
configuration routine performed by the sub-network con-
troller 50 would still enable 1dentification of the switch 1n its
new module. That 1s, the switch 12 newly installed 1n a
different switch module 10 would not receive a query from
its associated sub-network controller 50 as part of that
controller’s normal operational mode query cycle—but the
transmitting ol a break signal via the switch’s processor
logic would 1nitialize the configuration routine such that the
newly placed switch 1s properly identified by the sub-
network controller 50 upon completion of the configuration
routine, such that the sub-network controller 50 would have
stored the new switch configuration and resume normal
operation, subsequently including the new switch i 1ts
normal query routine.

Beneficially, embodiments of the invention thus provide a
self-1dentifying switch module 10 that allows customers to
change the location of switches without rewiring their
communication system. The self-identifying switch module
10 1s able to i1dentily switches regardless of their location,
doing so 1n a timely fashion by employing a switch query
logic that employs a normal operational mode and a con-
figuration mode and by storing a switch configuration 1n 1ts
memory—so as to not slow down throughput. The commu-
nication system also contains relays, solid state relays
(SSRs) and/or other solid state outputs that can supply
current directly to a load, similar to a traditional switch, with
the self-identifying switch module 10 able to operate with
local relay control, remote relay control and/or a combina-
tion of both. The self-identilying switch module 10 allows
vehicle OEMs to significantly reduce the cost of managing
a custom dash board by allowing for one vehicle harness that
could handle multiple customer options, reducing the engi-
neering overhead and the wire count associated with a
custom dashboard.

A technical contribution for the disclosed method and
apparatus 1s that 1t provides for a controller implemented
technique for self-identifying switches within a defined
vehicle communication network. A sub-network controller
within a switch module on the vehicle communication
network performs a querying operation to identify each
particular switch included 1n the switch module of a switch
regardless of its location, such that switches can be placed
in any position/module on the vehicle within that network
without changing the switch’s functionality or the system
wiring, such a customer’s desired switch customization
requirement can be met.

Therefore, according to one embodiment of the present
invention, an electrical switch module for use 1n a motor
vehicle includes a backplane includes a plurality of connec-
tions thereon and a communications sub-network, a sub-
network controller 1n operative communication with the
communications sub-network, and a plurality of electrical
switches coupled to the plurality of connections on the
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backplane so as to be in operative communication with the
communications sub-network, each of the plurality of elec-
trical switches including a microprocessor therein pro-
grammed to generate switch messages that include therein
data regarding an address associated with the switch and a
switch logic state. The sub-network controller i1s pro-
grammed to transmit switch queries onto the communica-
tions sub-network to each of a plurality of switch addresses
to determine a connection status and switch state of the
plurality of electrical switches and receive switch messages
responsive to the switch queries from switches at the switch
addresses to which the switch queries were transmitted, with
cach of the received switch messages verifying the presence
ol a switch 1n the switch module and providing a switch state
for the respective switch. The sub-network controller is
turther programmed to interpret the received switch mes-
sages to perform at least one of transmitting the switch
messages onto a vehicle communications network to which
the switch module 1s 1n operative communication, for pur-
poses ol controlling vehicle outputs associated with the
switch messages and controlling operation of one or more
solid state outputs or relays associated with the switches
from which the switch messages are provided.

According to another embodiment of the present mnven-
tion, a method of identifying and transmaitting switch mes-
sages to and from a switch module 1 a vehicle communi-
cation system includes associating a switch ID with each of
a plurality of switches included 1n a vehicle communication
system and identifying the switch ID of all switches
included 1n a switch module 1n the vehicle communication
system, such that each switch included 1n the switch module
1s 1dentified by 1ts switch ID. The method also includes
identifying a switch state of all switches included in the
switch module and controlling operation of a vehicle output
or load associated with each of the plurality of switches
based on the identified switch IDs and their associated
switch states. The steps of identifying the switch ID and the
switch state of switches included in the switch module
turther includes causing a sub-network controller of the
switch module to transmit switch queries onto a sub-network
of the switch module to each of a plurality of switch
addresses, receiving at the sub-network controller switch
messages from any switches on the sub-network that are
associated with the switch IDs to which the switch queries
were transmitted, and identifying the switch ID and the
switch state of all switches in the switch module based on
the received switch messages.

According to yet another embodiment of the present
invention, a switch module sub-network controller for
enabling vehicular communication between switches 1n a
switch module and loads associated with the switches 1s
provided, with the sub-network controller being pro-
grammed to transmit switch queries onto a communications
sub-network of the switch module to each of a plurality of
switch addresses to determine a connection status and switch
state of a plurality of switches, receive switch messages
from any switches on the communications sub-network
associated with the switch addresses to which the switch
queries were transmitted, 1dentify a connection of a switch
to the communications sub-network and its associated
switch state based on the received switch messages, and
control operation of a vehicle output or load associated with
cach of the plurality of switches based on the switch IDs and
their associated switch states, wherein controlling operation
of the vehicle output or load comprises at least one of
transmitting the switch messages onto a vehicle communi-
cations bus to which the switch module 1s in operative

10

15

20

25

30

35

40

45

50

55

60

65

14

communication, for purposes of controlling the vehicle
output or load associated with the switch messages and
controlling operation of one or more solid state outputs or
relays associated with the switches from which the switch
messages are provided.

The present invention has been described in terms of the
preferred embodiment, and 1t 1s recognized that equivalents,
alternatives, and modifications, aside from those expressly
stated, are possible and within the scope of the appending
claims.

What 1s claimed 1s:

1. An electrical switch module for use 1n a motor vehicle,
the switch module comprising;

a backplane comprising a plurality of connections thereon

and a communications sub-network;

a sub-network controller 1n operative communication

with the communications sub-network:; and

a plurality of electrical switches coupled to the plurality of

connections on the backplane so as to be in operative
communication with the communications sub-network,
cach of the plurality of electrical switches including a
microprocessor therein programmed to generate switch
messages that include therein data regarding an address
associated with the switch and a switch logic state;
wherein the sub-network controller 1s programmed to:
transmit switch queries onto the communications sub-
network to each of a plurality of switch addresses to
determine a connection status and switch state of the
plurality of electrical switches;
receive switch messages responsive to the switch que-
ries from switches at the switch addresses to which
the switch queries were transmitted, with each of the
received switch messages veriiying the presence of a
switch 1n the switch module and providing a switch
state for the respective switch; and
interpret the received switch messages to perform at
least one of:
transmitting the switch messages onto a vehicle
communications network to which the switch
module 1s 1n operative communication, for pur-
poses ol controlling vehicle outputs associated
with the switch messages; and
controlling operation of one or more solid state
outputs or relays associated with the switches
from which the switch messages are provided.

2. The switch module of claim 1 wherein the sub-network
controller 1s programmed to generate and store a configu-
ration memory comprising a list of switch addresses of
switches included 1n the switch module.

3. The switch module of claim 2 wherein the sub-network
controller 1s programmed to transmit switch queries onto the
communications sub-network according to a normal opera-
tional mode query cycle, with the sub-network controller
transmitting switch queries only to the list of switch
addresses stored 1n the configuration memory during normal
operational mode query cycle.

4. The switch module of claim 3 wherein the micropro-
cessor of each switch 1s programmed to transmit a roll call
request onto the communications sub-network when no
switch query 1s received from the sub-network controller
within a pre-determined period of time.

5. The switch module of claim 4 wherein the sub-network
controller 1s programmed to:

recerve a roll call request from a respective switch 1n the

switch module; and
perform a configuration routine responsive to a received roll
call request.
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6. The switch module of claim 5 wherein, 1n performing
the configuration routine, the sub-network controller i1s
programmed to:

access a master list of all switch addresses of potential

switches that might be present in the switch module;
transmit a switch query to each of a plurality of switch
addresses included 1n the master list;
receive switch messages from switches included 1n the
switch module responsive to the switch queries; and

for each switch message received from a switch 1n the
switch module, store the switch address associated with
that switch in the configuration memory, so as to update
the list of switch addresses stored 1n the configuration
memory.

7. The switch module of claim 6 wherein the sub-network
controller 1s programmed to terminate the configuration
routine upon one of:

receiving a number of responses from switches that 1s

equal to a number of switches included 1n the switch
module; or

transmitting switch queries to all of the switch addresses

included in the master list.

8. The switch module of claim 7 wherein, upon termina-
tion of the configuration routine, the sub-network controller
1s programmed to transmit switch queries onto the commu-
nications sub-network according to the normal operational
mode query cycle.

9. The switch module of claim 1 wherein, in controlling
operation of one or more solid state outputs or relays
associated with the switches from which the switch mes-
sages are provided, the sub-network controller 1s pro-
grammed to:

associate switch addresses of switches in the switch

module with the solid state outputs or relays; and
locally control the one or more solid state outputs or
relays, by directly energizing or de-energizing the one
or more solid state outputs or relays, responsive to
switch messages received via the communications sub-
network or the vehicle communications network.

10. The switch module of claim 1 wherein the switch
signals transmitted onto the vehicle communications net-
work are provided to a vehicle body controller for control-
ling the vehicle outputs associated with the switch messages
or for remotely controlling solid state outputs or relays
associated with particular switches.

11. A method of identifying and transmitting switch
messages to and from a switch module 1n a vehicle com-
munication system, the method comprising:

associating a switch ID with each of a plurality of

switches mncluded 1n a vehicle communication system:;

identifying the switch ID of all switches included 1n a

switch module in the vehicle communication system,
such that each switch included in the switch module 1s
identified by 1ts switch ID;

identifying a switch state of all switches included 1n the

switch module; and

controlling operation of a vehicle output or load associ-

ated with each of the plurality of switches based on the
identified switch 1Ds and their associated switch states;
wherein 1identifying the switch ID and the switch state of
switches included 1n the switch module further com-
Prises:
causing a sub-network controller of the switch module
to transmit switch queries onto a sub-network of the
switch module to each of a plurality of switch
addresses;
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receiving, at the sub-network controller, switch mes-
sages from any switches on the sub-network that are
assoclated with the switch IDs to which the switch
queries were transmitted; and

identifying the switch ID and the switch state of all
switches 1n the switch module based on the received

switch messages.

12. The method of claim 11 wherein identifying the
switch ID of all switches included in the switch module
further comprises generating and storing a configuration
memory that includes switch IDs of all switches included in
the switch module.

13. The method of claim 12 wherein identifying the
switch ID and the switch state of switches included 1n the
switch module further comprises transmitting switch queries
onto the sub-network according to a normal operational
mode query cycle, with the sub-network controller trans-
mitting switch queries only to the list of switch IDs stored
in the configuration memory during normal operational
mode query cycle.

14. The method of claim 13 further comprising:

causing a switch in the switch module to transmit a roll

call request onto the sub-network when no switch query

1s received within a pre-determined period of time;
receiving, at the sub-network controller, a roll call request

from a respective switch in the switch module; and

performing a configuration routine responsive to a

received roll call request, wherein performing the con-

figuration routine includes:

accessing a master list of all switch IDs of potential
switches that might be present in the switch module;

transmitting a switch query to each of a plurality of
switch IDs included 1n the master list;

receiving switch messages from switches included in
the switch module responsive to the switch queries;
and

for each switch message received from a switch 1n the
switch module, storing the switch ID associated with
that switch in the configuration memory, so as to
update the switch IDs stored in the configuration
memory.

15. The method of claim 14 wherein performing the
configuration routine further includes terminating the con-
figuration routine upon one of:

recerving a number of responses from switches that 1s

equal to a number of switches included in the switch
module; or

transmitting switch queries to all of the switch IDs

included in the master list.

16. The method of claim 11 wherein controlling operation
of a vehicle output or load comprises transmitting switch
messages from the sub-network controller onto a vehicle
communication bus to which the switch module 1s 1n opera-
tive communication, for purposes ol controlling vehicle
outputs associated with the switch messages.

17. The method of claim 11 wherein controlling operation
ol a vehicle output or load comprises:

associating a switch ID of a respective switch with a solid

state output or relay; and

causing the sub-network controller to control operation of

the solid state output or relay based on the message
received by the sub-network controller from the respec-
tive switch that includes the switch 1D and the switch
state.

18. A switch module sub-network controller for enabling
vehicular communication between switches 1 a switch
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module and loads associated with the switches, the sub-
network controller being programmed to:
transmit switch queries onto a communications sub-net-
work of the switch module to each of a plurality of
switch addresses to determine a connection status and
switch state of a plurality of switches;
receive switch messages from any switches on the com-
munications sub-network associated with the switch
addresses to which the switch queries were transmitted;
identily a connection of a switch to the communications
sub-network and 1ts associated switch ID and switch
state based on the received switch messages, each
switch message including a switch ID therein that
umquely 1dentifies the switch; and
control operation of a vehicle output or load associated
with each of the plurality of switches based on the
switch IDs and their associated switch states, wherein
controlling operation of the vehicle output or load
comprises at least one of:
transmitting the switch messages onto a vehicle com-
munications bus to which the switch module 1s 1n
operative communication, for purposes of control-
ling the vehicle output or load associated with the
switch messages; and
controlling operation of one or more solid state outputs
or relays associated with the switches from which the
switch messages are provided.
19. The sub-network controller of claim 18 wherein the
sub-network controller 1s further programmed to:
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generate and store a configuration memory comprising a

list of switch addresses of switches included in the
switch module; and

transmit switch queries onto the communications sub-

network according to a normal operational mode query
cycle, with the switch queries being transmitted only to
the list of switch addresses stored 1n the configuration
memory during normal operational mode query cycle.

20. The sub-network controller of claim 19 wherein the
sub-network controller 1s further programmed to:
recerve a roll call request from a respective switch 1n the

switch module, the roll call request being generated by
the switch when no switch query 1s received thereby
within a pre-determined period of time; and

perform a configuration routine responsive to a received

roll call request, wherein performing the configuration

routine 1ncludes:
accessing a master list of all switch addresses of

potential switches that might be present 1n the switch
module;

transmitting a switch query to each of a plurality of
switch addresses included in the master list:

receiving switch messages from switches included in
the switch module responsive to the switch queries;
and

for each switch message received from a switch 1n the
switch module, storing the switch address associated
with that switch 1n the configuration memory, so as
to update the switch addresses stored 1n the configu-

ration memory.
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